Background and Purpose-Early hemorrhagic transformation (HT) is a complication of ischemic stroke but its effect on patient outcome is unclear. The aims of this study were to assess: (1) the rate of early HT in patients admitted for ischemic stroke, (2) the correlation between early HT and functional outcome at 3 months, and (3) the risk factors for early HT. Methods-Consecutive patients with ischemic stroke were included in this prospective study in 4 study centers. Early HT was assessed by CT examination performed at day 5Ϯ2 after stroke onset. Study outcomes were 3-month mortality or disability. Disability was assessed using a modified Rankin score (Ն3 indicating disabling stroke) by neurologists unaware of the occurrence of HT in the individual cases. 
H emorrhagic transformation (HT) is a complication of ischemic stroke. 1 However, the incidence and risk factors for HT as well as the effect of HT on the outcome of patients with ischemic stroke are unclear.
Most of the previous studies on HT in patients with ischemic stroke were of limited sample size, had some methodological limitations, or were subgroup analyses of larger studies. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Furthermore, most of the information on the effect of early HT on clinical outcomes derives from studies on thrombolysis for ischemic stroke, [12] [13] [14] [15] [16] and data on early HT in patients not receiving thrombolysis mainly derives from patients randomized to placebo in the thrombolysis trials. 17, 18 The aims of this prospective study in consecutive patients were therefore to assess: (1) the rate of early HT in patients admitted for ischemic stroke, (2) the correlation between early HT and functional outcome at 3 months, and (3) the risk factors for early HT.
Methods
Consecutive patients admitted to 4 Italian hospitals with objectively diagnosed ischemic stroke between January 1st, 2006 and April 15th, 2007 were included in this prospective cohort study. Patients with cerebral venous thrombosis, subarachnoid hemorrhage, or intracerebral bleeding on admission were excluded. All patients were assessed by a neurologist to determine the diagnosis of stroke (neurological deficit lasted Ͼ24 hours) and its pathological and etiologic subtypes. 19 On admission, stroke severity was assessed using the National Institutes of Health (NIH) Stroke Scale. Patients admitted within 3 hours were evaluated for thrombolysis treatment according SITS-MOST criteria. 20 The 4 study centers provided stroke unit standard care for each patient. All patients were monitored for blood pressure, temperature, glucose level, heart rate, and blood gases in the first days after stroke.
Computed Tomography Scan Characteristics
In all patients cerebral computed tomography (CT) examination without contrast was performed on admission to exclude intracranial hemorrhage and to define both topography and extension of the ischemic lesion. Patients were admitted to the Stroke Unit within 12 hours from stroke onset. CT examination was performed within 2 hours from admission. The occurrence of early HT was investigated on repeated CT examination performed after 5 days (Ϯ2) from stroke onset or immediately in case of clinical worsening. Patients without repeated CT examination (eg, for early death) were excluded from the analysis unless they had an autopsy examination. Fourth generation CT scanner were used in all centers with 5 mm contiguous axial section for supratentorial images and 3 mm for images of posterior fossa. The study protocol recommended a window width of 80 to 100 Housfield units and a center level of 30 to 40 Housfield units. CT examination of patients with HT, as identified by the local investigators, were also independently adjudicated for study purpose by 2 members of the CT examination reading panel located in Perugia (M.P., V.C.). Disagreement was resolved by consensus. The members of the CT reading panel were unaware of the patient clinical outcome.
HT was defined as any degree of hyperdensity within the area of low attenuation, and it was categorized as hemorrhagic infarction or parenchymal hematoma. 21, 22 Hemorrhagic infarction was defined as small petechiae along the margins of the infarct (HI-1) or as more confluent petechiae within the infarcted area but without spaceoccupying effect (HI-2). Parenchymal hematoma was defined as hematoma in Յ30% of the infarcted area with some slight spaceoccupying effect (PH-1) or as dense hematoma Ͼ30% of the infarcted area with substantial space-occupying effect or as any hemorrhagic lesion outside the infarcted area (PH-2). In cases of more than 1 hemorrhagic lesion on CT examination, the worst possible HT category was assumed. 14 For analysis purpose, we considered 2 groups of HT: hemorrhagic infarction HI-1 and HI-2 together and parenchymal hematoma PH-1 and PH-2 together. 17, 18 HT was considered symptomatic if it was not seen on a previous CT examination and there was, subsequently, either a suspicion of hemorrhage or a decline in neurological status. 23 In addition, on repeated study CT examination, we assessed the site and size of the qualifying infarct. Based on standard templates, 24 ,25 the size of infarcts was quantified as: (1) small (lesion in the anterior or posterior circulation Ͻ1.5 cm), (2) medium (lesion in a cortical superficial branch of middle cerebral artery [MCA] , or lesion involving the MCA deep branch, or lesion in internal borderzone territories, or lesion in a cortical superficial branch of posterior cerebral artery [PCA] , or lesion involving the PCA branch or lesion in a cortical superficial branch of anterior cerebral artery [ACA]), (3) large anterior (lesion involving complete territory of ACM, ACP, or ACA or lesion involving 2 cortical superificial branches of MCA or lesion involving a cortical superficial branch of MCA associated to the MCA deep branch, or lesion involving more than 1 artery territory [eg, MCA associated to ACA territories]), (4) large posterior (lesion involving brain stem or cerebellum Ͼ1.5 cm).
Stroke Risk Factors
Data were collected on stroke risk factors: age, gender, history of hypertension (blood pressure of Ͼ140/90 mm Hg at least twice before stroke or already under treatment with antihypertensive drugs), history of diabetes mellitus (glucose level Ͼ126 mg/dL preprandial on 2 examinations, glucose level Ͼ200 mg/dL postprandial, or HbA 1c Ͼ8.5%, or under hypoglycemic treatment), current cigarette smoking, past smoking (cessation less than 5 years ago), history of hyperlipidemia (total cholesterol concentration Ͼ200 mg/dL or triglyceride concentration Ͼ140 mg/dL the day after admission or already under lipid lowering therapy), history of symptomatic ischemic heart disease (proven myocardial infarction, history of angina or existence of multiple lesions on thallium heart isotope screen or evidence of coronary disease on coronary angiography), history of symptomatic peripheral arterial disease (intermittent claudication of presumed atherosclerotic origin; and ankle/arm systolic blood pressure ratio Յ0.85 in either leg and rest; or history of intermittent claudication with previous leg amputation, reconstructive surgery, or angioplasty), atrial fibrillation, alcohol abuse (Ͼ300 g per week), obesity (body mass index Ն30 kg/m 2 ), or previous stroke/transient ischemic attacks (TIAs). White matter changes (leukoaraiosis defined on the admission CT examination as ill-defined and moderately hypodense areas of Ն5 mm according to previously published criteria) were evaluated. 26 Leukoaraiosis in the deep white matter was dichotomized into absent versus mild, moderate, or severe.
Other baseline variables that were obtained at admission for each patient included: fasting serum glucose, fasting serum cholesterol (total, HDL, and LDL), platelet count, International Normalized Ratios (INR), activated thromboplastin times (aPTT), systolic blood pressure, and diastolic blood pressure.
Patients or proxies were interviewed to obtain information on treatment before the event (antiplatelet agents, prophylactic doses of anticoagulants, therapeutic doses of anticoagulants [heparin or warfarin], antihypertensive drugs, antidiabetic drugs, and statins). Treatments performed during hospitalization (antiplatelet agents, prophylactic doses of anticoagulants alone or associated with antiplatelet agents, therapeutic doses of anticoagulants [heparin or warfarin], thrombolytic [intravenous or intra-arterial]), were also analyzed.
Evaluation of Outcome
Patients were followed-up prospectively by face-to-face or telephone interview. Study outcomes were 3-month mortality or disability. Disability was assessed using a modified Rankin score (mRS) by neurologists unaware of the occurrence of HT in the individual cases. Stroke was defined as not disabling (mRS 0 to 2) or disabling (mRS 3 to 5). 27 The time of occurrence and the cause of death were recorded. The causes of death were divided into: neurological (recurrence of stroke, status epilepticus, edema, herniation), cardiovascular (myocardial infarction, heart failure, sudden death, other cardiovascular disease), and other causes (pneumonia, cancer, pulmonary embolus, and other causes).
Statistical Analysis
Outcomes in patients with and without early HT were compared by 2 test. The first step of analysis was aimed at identifying predictors of adverse outcome (death or disability) at 3 months. Univariate tests were used to compare HT, clinical characteristics on admission, preexisting risk factors for stroke, CT findings, and therapies administered to alive and nondisabled patients in comparison to disabled or patients who died. All variables were subjected to multiple logistic regression analysis to identify independent predictors for death or disability.
The second step of analysis was aimed at identifying predictors of HT among baseline findings. Univariate tests were applied to compare clinical characteristics on admission, preexisting risk factors for stroke, CT findings, and therapies administered to HT and non-HT patients. All variables were subjected to multiple logistic regression analysis to identify independent predictors for HT.
Given the high number of variables evaluated in both analyses, the stepwise forward conditional model 28 was used for the logistic regression analysis. Data were analyzed with the SPSS/PC Win package 13.0. 29 
Influence of HT on Adverse Outcome
At 3 months, 7 patients were lost to follow-up, 326 patients (29.2%) were disabled, and 129 died (11.5%). The causes of death were neurological in 58 patients, cardiovascular in 24 patients, attributable to other causes in 20, and unknown in 27 patients. In Table 1 
Independent Predictors of HT
The characteristics of patients with and without HT are summarized in Table 2 .
At univariate analysis, HT (overall) was associated with the presence of atrial fibrillation ( The results of multivariate analysis are reported in Table 3 .
Discussion
In this large cohort of consecutive patients with acute ischemic stroke, we observed an incidence of early HT of about 9%; parenchymal hematoma, seen in about 3% of the patients, was associated with an adverse outcome at 3 months. The size of the ischemic lesion and cardioembolism were independent predictors of early HT. High levels of fasting blood glucose on admission and thrombolytic treatment were independently associated with the development of parenchymal hematoma. The incidence of HT observed in our study was lower than the rate reported from other authors. There are several explanations for this finding. First, in our study, the time interval between stroke onset and repeated CT examination was shorter than in other studies. 8, 9 Second, the low rate of early HT could be explained by the inclusion in the study of a nonselected cohort of consecutive patients. Indeed, most of the previous trials included candidates to thrombolysis that presented with more severe stroke and with a larger lesion in the MCA territory. Our patients had lesions in different territories of variable severity. Furthermore, the definition of HT differed among studies. Indeed, severe HT, defined by the presence of parenchymal hematoma, was infrequent in our as well as in the previous studies. 1, 9 The lower rate of HT reported could be also caused by falsenegative findings at on site reading, a lack of standardized reading procedure, or a lack of central reading of negative cases. It can also be caused by better clinical management leading to less reperfusion damage.
In agreement with the literature, parenchymal hematoma was predicted by large lesions attributable to cardioembolism. 5, 9 Hyperglycemia was found to be a risk factor for parenchymal hematoma consistently with what was previously observed in patients treated with rt-PA. 30 No correlation was found between HT and any treatment on admission, except thrombolysis, which was independently associated with parenchymal hematoma, although this was present in only 4 of 67 patients treated with thrombolysis (6%). Of note, one of the patients with parenchymal hematoma had intraarterial thrombolysis within 6 hours from stroke onset. At the univariate analysis, prophylactic doses of either unfractionated or low molecular weight heparin administered to prevent deep venous thrombosis (DVT), with or without concomitant aspirin, were associated with HT, but the logistic regression analysis did not confirm this finding. This result was probably attributable to the fact that prophylaxis of DVT is performed in more severe patients with large ischemic lesions. About 7% of the patients with a stroke attributable to a rare cause had parenchymal hematoma, and at logistic regression analysis this subgroup was associated with an increased risk of having parenchymal hematoma.
High levels of arterial blood pressure at admission are usually considered to be a risk factor for HT. 16, 31 In our study, median systolic blood pressure was higher in patients with parenchymal hematoma than in patients without any HT (157.50 mm Hg versus 150.00 mm Hg). However, at regression logistic analysis, high systolic blood pressure was no longer associated with severe HT. Probably, blood pressure is an important risk factor in patients treated with rt-PA, in whom reperfusion could determine HT. 32 In our study, leukoaraiosis was not correlated with HT. Our observation is in contrast with the findings of previous studies in which severe leukoaraiosis was found to be an independent predictor of HT. 33, 34 The difference is probably attributable to the fact that we dichotomized leukoaraiois in present/absent without a quantification of severity.
Although rarely, HT was also observed in patients with small lesions (Ͻ1.5 cm). Three of 469 patients with small lesions (0.6%) had HT, and one of these had a parenchymal hematoma.
In our study, only 16/98 had symptomatic HT, but the distinction in symptomatic and asymptomatic HT is not precise. Clinical deterioration may have a variety of causes, such as another ischemic stroke, decrease in cerebral perfusion pressure, and mass effect of ischemic edema. Depiction of blood by neuroimaging per se does not mean that it is responsible for clinical deterioration, because intracranial blood may have been present before clinical deterioration was assessed. 35 This study has some limitations. We have no information on 11 patients who died, before repeating CT scan according to the study protocol. This missed information could have led to an underestimation of HT, although it is unlikely that all the 11 patients had HT. Seven patients were lost at follow-up, and one of these had HT.
Conclusions
The incidence of early HT in an unselected population of consecutive patients with acute ischemic stroke is about 9%. Parenchymal hematoma, but not hemorrhagic infarction, resulted to be associated with an adverse outcome at 3 months. Parenchymal hematoma was predicted by large lesions attributable to cardioembolism or to rare causes, high blood glucose levels on admission, and treatment with thrombolysis.
